Abstract. The aim of the present study was to evaluate human epididymis protein 4 (HE4) as a marker of epithelial ovarian cancer (EOC) relapse and the combination of this biomarker with contrast-enhanced high-resolution multidetector row computed tomography CE CT imaging to impove the monitoring of EOC patients. Twenty-one patients with advanced EOC (FIGO III/IV) who underwent surgery and adjuvant chemotherapy were retrospectively selected. Each patient contributed 3 serum samples drawn at 3-month intervals: time interval I (1-3 months from surgery), time interval II (4-6 months from surgery) and time interval III (7-10 months from surgery). Serum HE4 and cancer antigen-125 (CA-125) levels were determined by EIA and IRMA assays, respectively. Nine out of the 21 (Group A) women had disease relapse while 12 out of the 21 (Group B) women had stable disease during the follow-up study. Twenty out of the 21 patients underwent at least two CE CT follow-ups with an interval time of ~6 months. One patient did not undergo a second CE CT. In patients with relapsed EOC, an increase in HE4 was noted in 22, 78 and 89% of patients within the time intervals I, II and III, respectively. Positivity for CA-125 was found later at time interval III and only in 44% of patients. Conversely, for EOC patients in remission, increase over the threshold level was observed only for marker CA-125 (4/12). The evaluation of imaging findings at interval time II showed a significant correlation with high levels of HE4 in 6 out of 9 patients with recurrent disease. This study supports the hypothesis that HE4 may serve as an early biomarker for recurrence of EOC.
Introduction
Epithelial ovarian cancer (EOC) is the deadliest gynecological malignancy since approximately 75% of ovarian cancer cases present at an advanced stage when the disease has spread well beyond the ovaries and the cancer involves the peritoneal cavity or other organs (1) . The cancer is insidious; frequently initial symptoms occur only during the advanced stage of the disease and are often related to the presence of a grossly enlarged tumor and extensive ascites fluid (2) .
According to a report of the American Joint Committee on Cancer (AJCC), patients with stage III and IV EOC have 5-year relative survival rates of 33.5 and 17.9%. In contrast, patients with stage I and II disease have 5-year relative survival rates of 89.3 and 65.5%, respectively (3) .
This disparity in survival between early and late stage disease emphasizes the need to improve early detection and diagnosis of EOC. Effective screening protocols are not currently available, and risk assessment for the presence of EOC in women with an ovarian cyst needs improvement.
The role of tumor biomarkers in the diagnosis and follow-up of ovarian carcinoma is a controversial issue. During the last several decades, several tumor markers have been detected in the blood of patients with EOC, yet their sensitivities and specificities for predicting this form of cancer appear no better than those of mucin CA-125 alone (4, 5) .
The cancer antigen-125 (CA-125) is a glycoprotein belonging to the family of mucins encoded by the gene MUC16. The increased expression of this molecule is often associated with benign gynecological pathologies, and with non-gynecological conditions such as chronic liver disease, pancreatitis, kidney disease and chronic inflammatory diseases (5, 6) . Because of the poor sensitivity and specificity of CA-125, in recent years, research has focused on the identification of new biomarkers that can provide higher sensitivities Moreover, it was found to be involved in the maturation of sperm (7) . Several studies have demonstrated that HE4 is increased in EOC but not in ovarian tissue under normal conditions (8, 9) . Recently, it has been proposed that the combined use of novel biomarkers such as HE4 and CA-125 improves the sensitivity and specificity when compared with either biomarker alone for the diagnosis and management of EOC (10) (11) (12) . Although several studies have focused on markers to facilitate the early diagnosis of disease; it is just as important to identify markers able to predict disease remission, response to therapy and, in particular, early detection of disease relapse.
Recurrent EOC, unlike other solid tumors, tends to present without accompanying symptoms and forms multiple small implantations, particularly in the small intestine and mesentery, which cannot be readily detected using conventional imaging techniques (13, 14) .
Computed tomography (CT) has low sensitivity for detecting disease recurrence, probably due to its inability to detect small peritoneal implants and normal-sized lymph node metastases (15, 16) . Moreover a number of patients with disease relapse can present with normal CA-125 levels (15, 17) .
In the present study, we retrospectively investigated the expression of two markers, CA-125 and HE4, as indicators of relapse in EOC patients with recurrent disease in combination with contrast-enhanced high-resolution multidetector row computed tomography (CE CT) findings. Moreover, to improve the management of these patients we evaluated a possible correlation between HE4 levels and CE CT imaging results.
Materials and methods
Patients. All subjects included in the follow-up study were patients referred to the Oncologic Unit A, of the Policlinico Umberto I, Rome, Italy, from January 2009 to December 2011. Of the total 21 women, 18 were in a postmenopausal state (age range 50-85 years, mean age 65.72±2.32) and 3 patients were in a premenopausal state (age range 43-47; mean age 44.73±1.20). All patients had advanced EOC (FIGO III/IV), and underwent surgery and adjuvant chemotherapy, and were retrospectively selected for the assessment of HE4 and CA-125 levels. Sixteen out of the 21 (76%) women were affected by papillary serous carcinoma and 5 out of 21 (24%) were affected by papillary serous carcinoma 'poorly' differentiated and undifferentiated of grade G3/4. Each patient contributed 3 serum samples drawn at 3-month intervals as follows: time interval I (1-3 months from surgery), time interval II (4-6 months from surgery), time interval III (7-10 months from surgery).
Inclusion criteria for enrollment included that: all patients had to show clinical remission after surgery and undergo adjuvant chemotherapy. Nine out of the 21 women showed disease relapse during the follow-up study (Group A), 12 out of 21 women had stable disease during the follow-up study (Group B).
A written informed consent was obtained from all of the patients prior to the collection of blood samples.
Sample collection. Serum samples were collected in a red-top vacutainer following a standard protocol. Samples were clotted for 60-90 min, and centrifuged for 10 min at 1,300 x g. The serum fractions were aliquoted and stored at -80˚C until analysis.
Measurements of the biomarkers HE4. HE4 levels were determined using the HE4 EIA assay (Fujirebio Diagnostics). The HE4 EIA is a solid phase, non-competitive immunoassay based upon the direct 'sandwich' technique using 2 monoclonal antibodies, 2H5 and 3D8, directed against 2 epitopes in the C-WFDC domain of HE4. Standard and control/patient serum samples were incubated with biotinylated anti-HE4 monoclonal antibody 2H5 aliquots in streptavidin-coated microstrips. HE4 in standard or serum samples was adsorbed in the streptavidin-coated microstrips by the biotinylated anti-HE4 monoclonal antibody during the incubation period. The strips were then washed and incubated with HRP-labeled anti-HE4 monoclonal antibody 3D8. After washing, buffered substrate/chromogen reagent was added to each strip, and the enzyme reaction was able to proceed. During the enzyme reaction, a blue color developed when the antigen was present. The intensity of the color was directly proportional to the amount of HE4 present in the samples. According to the manufacturer's indications, normal values of HE4 were considered to be <150 pmol/l.
CA-125.
CA-125 levels were evaluated by a one-step 'sandwich' radioimmunoassay (Radim, The Netherlands). Polystyrene beads coated with the M11 capture antibody reacting with molecules containing OC 125 reactive determinants were incubated with the control or patient serum samples, standards, and tracer ( 125 I-labeled mouse monoclonal OC 125 antibody) aliquots. The bound radioactivity observed was proportional to the concentration of the OC 125 reactive determinant (antigen). Normal levels of CA-125 were considered to be <35 U/ml.
Imaging. During the study period, 20 out of 21 patients underwent at least two CE CT follow-ups with an time interval of ~6 months. For 2 out of 21 cases, a third CE CT was performed within 3 months from the previous one, due to a worsening in the patient clinical conditions. The second CE CT generally was carried out within the time interval II of the serum sampling. In 1 patient (Group A) a second CE CT was not performed.
Contrast-enhanced high-resolution multidetector row computed tomography (Somatom Sensation 64; Siemens Medical System, Erlangen, Germany) was used to evaluate peritoneal carcinomatosis. The parameters applied were as follows: 0.6x64 mm 2 collimation, 3-mm section thickness, 250 effective mAs, 120 kVp and 0.8-1.5 mm reconstruction interval of coronal and sagittal images. The CT scans were acquired in basal conditions and after administration of contrast medium, cranio-caudally, from the dome of the diaphragm to the pelvis. The images were post-processed [multiplanar reconstruction (MPR) and maximum intensity projection (MIP)] with reconstructions in sagittal and coronal plane sections with a 1-mm interval to improve the anatomical analysis, particularly of the surface lesions.
An intravenous injection of 20 mg of butyl-scopolamine (Buscopan; Boehringer) was administered to all patients to relax the bowel wall and reduce peristalsic bowel movement before CT examinations. The patients were asked to ingest 1 liter of water in order to achieve optimal distension of the stomach and of the bowel.
A dual phase protocol, arterial and venous phase, after intravenous administration of contrast medium, was performed in order to assess local tumor extent. Nonionic iodinated contrast medium (350 mg I/ml Iomeron; Bracco, Milan, Italy) was administered intravenously utilizing an automatic injector (Stellant DCT; Medrad, Warrendale, PA, USA) at a rate of infusion of 3-3.5 ml/sec for a total volume of 90-120 ml.
Parameters of tumor extension, i.e. peritoneal carcinomatosis and lymph node dissemination, were evaluated according to an arbitrary scoring classification as follows. Peritoneal carcinomatosis: score 0, undetectable carcinomatosis; score 1, single or multiple sites of micro-nodular implants (<1 cm) above or below the mesocolon; score 2, diffuse macro-nodular implants (>1.5 cm) on the bowel surface or mesenterial implants, and omental involvement with marked thickening (omental cake). Lymph node dissemination: L0, lymph nodes 0.5-1 cm diameter; L1, lymph nodes 1-1.5 cm; L2, lymph nodes 1.5-2.5 cm; L3, clusters of lymph nodes >2.5 cm diameter.
Finally, we compared the two CE CT performed during the study period for each patient in order to determine disease progression, remission or stable disease.
Progression of disease was diagnosed when the comparison between the two CE CT showed an increase in the score (carcinomatosis and/or lymph node) or an increase in the size and/or number by >20% of at least 3 implants of carcinomatosis defined as target lesions.
Remission of disease was considered when there was either a decrease in the score (carcinomatosis and/or lymph node), or a decrease in the size and/or number by 30% of the target lesions.
Stability was indicated when the disease did not follow any of the parameters described above.
Statistical analysis. For each patient, the mean age ± SEM and the median (range) of serum HE4 and CA-125 levels were determined. Box plots were generated for each marker in Group A and B patients. Statistically significant differences were assessed by the nonparametric Mann-Whitney test for categorical variables using MedCalc ® v12.3.0 software. The level of statistical significance was set at p<0.05.
Results
Biomarkers in the follow-up study. The concentrations of HE4 and CA-125, expressed as median and range, measured in Group A and B within time intervals I, II and III, are provided in Table I .
Group A. In the 9 patients who showed disease recurrence, during the follow-up study, absolute concentrations of HE4 above the threshold of positivity (150 pmol/l) were noted in 22, 78 and 89% of patients within time intervals I, II and III following surgery, respectively.
We also observed that the serum levels of CA-125 were consistently below the threshold value (35 U/ml) during time intervals I and II, while only 44% of patients had positive absolute concentrations of the marker in the time interval III (Fig. 1) . In these patients, the increase in HE4 level above the cut-off preceded the rise of CA-125 ~3 months. Furthermore, in the last time window, the mean increase of HE4 was ~3-times the cut-off while the mean increase in CA-125 was ~1.5-times the value of positivity (Fig. 2) .
Group B. In the 12 patients who had stable disease, the HE4 concentrations were within the range of normality for all determinations, while for CA-125, 6 positive values were present in 4 different patients (Fig. 3) .
The median serum levels of HE4, drawn at 3-month intervals, were significantly higher in Group A when compared with values in Group B patients (time interval I: 120 vs. 55.5 pmol/l p<0.002; time interval II: 165 vs. 63 pmol/l, p<0.0004; time interval III: 300 vs. 55 pmol/l, p<0.0001). The median serum levels of CA-125 measured between the 2 groups of women, were statistically different only during time intervals II and III (20 vs. 11.5 U/ml, p<0.02 and 34 vs. 12 U/ml, p<0.02, respectively).
Imaging in the follow-up study Group A. In 1 out of 9 patients in Group A, the first CT showed no visible carcinomatosis (score 0) the second CE CT showed the presence of multiple implants smaller than 1.5 mm Table I . Levels of HE4 and CA-125 determined in patients with disease relapse (Group A) and stable disease (Group B) within 3 time ranges.
Group A (n=9), median (range) Group B (n=12), median (range) ---------------------------------------------------------------------------------------------------------------------------------------------------------------------HE4 (pmol/l)
CA-125 (U/ml) HE4 (pmol/l) CA-125 (U/ml) (score 1). Moreover, a worsening of clinical condition justified a third examination (3 months after the second CT) which showed severe progression of disease (score 2, lymph nodes 3) with associated ascites (Fig. 4) .
Six out of the 9 patients in Group A had an initial condition (first CT) of score 1 and lymph nodes 1 or 2. In 5 out of 6 of these cases the second CE CT showed progressive disease with an increased score both for carcinomatosis and lymph nodal disease. The remaining case had stable disease at the second CE CT, while a third examination was performed after a worsening condition, and the CE CT determined disease progression as well.
Finally only 1 out of 9 patients, showed an initial condition of score 2 and L2, which was determined to be L3 disease at the second CE CT with increased size and number of carcinomatosis implants.
Group B. In 10 out of 12 cases, the first CE CT showed no visible carcinomatosis implants (score 0), and there was no image worsening at the second CE CT during the follow-up.
In 2 out of 12 patients in Group B, the first CE CT showed an initial condition of score 1 and lymph nodes 1; the second CE CT showed a decrease in carcinomatosis implants which were no longer visible (score 0) (Fig. 5) . Imaging and biomarkers. The evaluation of the imaging findings within time interval II, which generally corresponded to the time of the second CE CT, showed that Group A women presented with peritoneal carcinomatosis and lymph node dissemination with various degrees of disease progression. In particular, 6 out of 9 patients showed elevated HE4 levels corresponding with widespread macro-nodular implants (>1.5 cm) on the bowel or mesenterial surface (score 2) and lymph nodal disease L2/L3.
The HE4 results of the Group B women were in agreement with undetectable carcinomatosis (score 0), small lymph node size without radiological significance (L1/L0). Furthermore, CA-125 levels did not correlate with the different degrees of carcinomatosis in both Group A and B.
Discussion
New and innovative approaches are needed for the early detection of disease relapse in women affected by epithelial ovarian cancer (EOC). Regardless of the development of new treatments and therapies designed to improve the 5-year survival rate, ovarian cancer still remains the deadliest type of cancer of the female reproductive tract.
Biomarkers have great potential to serve as an efficient screening tool for the early detection of ovarian cancer (1) . CA-125 is still the only tumor marker recommended as a diagnostic or prognostic indicator and for the monitoring of disease recurrence after surgery and adjuvant chemotherapy (18) (19) (20) . The major drawback of CA-125 is the documented lack of specificity, as this marker may show levels exceeding the 95th percentile of normal values in a significant proportion of women with benign or malignant diseases (21) . Accordingly, there have been many efforts to improve the diagnostic performance of CA-125. Among these, relevance has recently been given to HE4 which is one of the most promising markers with improved sensitivity and specificity. Moreover, for clinical management of patients affected by EOC, it is of paramount importance to identify markers able to predict early relapse of clinical disease during follow-up.
Numerous studies have shown that HE4 is able to anticipate the relapse of disease compared to CA-125 (11, 22) . Based on these data we conducted a retrospective follow-up study of 10 months. We enrolled 21 patients diagnosed with ovarian cancer stages FIGO III/IV, who underwent medical or surgical treatment. Of great importance from the clinical point of view, are the results obtained in 9 out of 21 patients who exhibited disease recurrence during the study period. In particular, during time interval II (4-6 months following surgery) 78% of the patients had positive values for HE4 while, at the same time, none showed alteration in serum CA-125. It is important to note that the positivity for CA-125 shown in 44% of patients occurred only during the last time window of our study (7-10 months) . Therefore, we conclude that, in case of disease recurrence, increased levels of HE4 may precede an elevation in CA-125 by ~3 months.
Our results are in agreement with literature data which suggest that the biomarker CA-125 cannot reliably detect small tumor masses <8 cm 3 (23) . Thus, CA-125 is not suitable as an indicator for the presence of microscopic minimal residual disease following radical surgery and/or chemotherapy (24) .
Furthermore, a randomized (EORTC 55955) trial showed that there is no survival benefit for early treatment based on increased CA-125 levels alone (25, 26) . This may agree with the evidence suggesting that this marker is increased when the disease is already widespread.
In the present study, we used CE CT to assess the recurrence of disease, and correlated the findings with tumor progression or stable disease with serum levels of the biomarkers.
In the last decade, several studies have demonstrated the important role of CE CT as an investigation of choice in both pre-operative staging and follow-up (27) , due to the short time taken, the good cost-effective ratio and the widespread availability of the technique.
It is widely accepted that, in preoperative staging, CE CT allows confirmation of the presence of a malignant adnexal mass, as well as allows the determination of the extent of the disease. Both features are crucial for treatment planning. Moreover, CE CT has proven to be useful for assessment of the treatment response, and to diagnose disease recurrence. In this regard CE CT was demonstrated to have a sensitivity of 85-95% in the detection of disease recurrence (28) .
However, it is necessary to specify that several studies are currently comparing the use of CE CT and PET/CT as surveillance tools for recurrent disease. In fact, the main limitation of CE CT is the reduced sensitivity (~50%) for the detection of peritoneal implants <10 mm (28) , or for the differentiation of these from fibrous residual after treatment. However, there are no reliable data which favor PET/CT rather than CE CT and vice versa (29) .
In light of these data, it is necessary to combine imaging data with clinical data, such as serial measurements of tumor biomarkers for an early detection of recurrent disease. In the present study, regarding disease recurrence or stable disease, CE CT findings correlated with the serum level of HE4. In particular, evaluation of the imaging results during time interval II (4-6 months following surgery) showed a significant correlation with high levels of HE4 in 6 out of 9 patients with recurrent disease. Moreover the HE4 results of the women with stable disease correlated with undetectable carcinomatosis (score 0) and with small lymph node size without radiological significance (L1/L0).
These data indicate that HE4 is superior to CA-125 for estimating the extent of peritoneal carcinomatosis and that it correlates with tumor burden in all surgically treated patients (30) (31) (32) .
In conclusion, this follow-up study supports the hypothesis that HE4 may be an early biomarker for the recurrence of EOC and that the HE4 serum levels, combined with CE CT imaging, could improve the monitoring management of women affected by this tumor. However, it could have enormous benefits on patient life. In fact, this may justify the use of this marker for a strict follow-up rather than excessive use of CE CT imaging, which may be needed in case of a positive value, considering the side-effects due to ionizing radiation and injection of contrast medium associated with this technique. It is obvious that our findings warrant further validation.
